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*H ( 57 ) Abstract: A MEMS (Micro Electro Mechanical System) electrostatically operated high voltage switch or relay device is pro- 
^ vided. This device can switch high voltages while using relatively low electrostatic operating voltages. The MEMS device comprises 
a microelectronic substrate, a substrate electrode, and one or more substrate contacts. The MEMS device also includes a moveable 
composite overlying the substrate, one or more composite contacts, and at least one insulator. In cross section, the moveable com- 
2 posite comprises an electrode layer and a biasing layer. In length, the moveable composite comprises a fixed portion attached to 
^ the underlying substrate, a medial portion, and a distal portion moveable with respect to the substrate electrode. The distal and/or 
q medial portions of the moveable composite are biased in position when no electrostatic force is applied. Applying a voltage between 
^ the substrate electrode and moveable composite electrode creates an electrostatic force that attracts the moveable composite to the 
2 underlying microelectronic substrate. The substrate contact and composite contact are selectively interconnected in response to the 
application of electrostatic force. Once electrostatic force is removed, the moveable composite reassumes the biased position such 
Q mat the substrate and composite contacts are disconnected. Various embodiments further define components of die device. Other 
embodiments further include a source of electrical energy, a diode, and a switching device connected to different components of the 
MEMS device. A method of using aforementioned electrostatic MEMS device is provided. 
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HIGH VOLTAGE MICROMACHINED ELECTROSTATIC SWITCH 

FIELD OF THE INVENTION 
The present invention relates to microelectromechanical switch and relay 
structures, and more particularly to electrostatically activated high voltage switch 
and relay structures. 

5 

BACKGROUND OF THE INVENTION 
Advances in thin film technology have enabled the development of 
sophisticated integrated circuits. This advanced semiconductor technology has also 
been leveraged to create MEMS (Micro Electro Mechanical System) structures. 

10 MEMS structures are typically capable of motion or applying force. Many 

different varieties of MEMS devices have been created, including microsensors, 
microgears, micromotors, and other microengineered devices. MEMS devices are 
being developed for a wide variety of applications because they provide the 
advantages of low cost, high reliability and extremely small size. 

15 Design freedom afforded to engineers of MEMS devices has led to the 

development of various techniques and structures for providing the force necessary 
to cause the desired motion within microstructures. For example, microcantilevers 
have been used to apply rotational mechanical force to rotate micromachined 
springs and gears. Electromagnetic fields have been used to drive micromotors. 

20 Piezoelectric forces have also been successfully been used to controllably move 
micromachined structures. Controlled thermal expansion of actuators or other 
MEMS components has been used to create forces for driving microdevices. One 
such device is found in U.S. Patent 5,475,318, which leverages thermal expansion 
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to move a microdevice. A micro cantilever is constructed from materials having 
different thermal coefficients of expansion. When heated, the bimorph layers arch 
differently, causing the micro cantilever to move accordingly. A similar 
mechanism is used to activate a micromachined thermal switch as described in 
5 U.S. Patent 5,463,233. 

Electrostatic forces have also been used to move structures. Traditional 
electrostatic devices were constructed from laminated films cut from plastic or 
mylar materials. A flexible electrode was attached to the film, and another 
electrode was affixed to a base structure. Electrically energizing the respective 

10 electrodes created an electrostatic force attracting the electrodes to each other or 

repelling them from each other. A representative example of these devices is found 
in U.S. Patent 4,266,399. These devices work well for typical motive applications, 
but these devices cannot be constructed in dimensions suitable for miniaturized 
integrated circuits, biomedical applications, or MEMS structures. 

15 Micromachined MEMS electrostatic devices have been created which use 

electrostatic forces to operate electrical switches and relays. Various MEMS 
relays and switches have been developed which use relatively rigid cantilever 
members separated from the underlying substrate in order to make and break 
electrical connections. Typically, contacts at the free end of the cantilever within 

20 these MEMS devices move as the cantilever deflects, so that electrical connections 
may be selectively established. As such, when the contacts are connected in these 
MEMS devices, most of the cantilever remains separated from the underlying 
substrate. For instance, U.S. Patents 5,367,136, 5,258,591, and 5,268,696 to 
Buck,etal., U.S. Patent 5,544,001 to Ichiya, et al., and U.S. Patent 5,278,368 to 

25 Kasano, et al. are representative of this class of microengineered switch and relay 
devices. 

Another class of micromachined MEMS switch and relay devices include 
curved cantilever-like members for establishing electrical connections. For 
instance, U.S. Patents 5,629,565 and 5,673,785 to Schlaak, et al., describe a 
30 microcantilever that curls as it separates from the fixed end of the cantilever and 
then generally straightens. The electrical contact is disposed at the generally 
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straight free end of the microcantilever. When electrostatically attracted to a 
substrate electrode, the Schlaak devices conform substantially to the substrate 
surface except where the respective electrical contacts interconnect. In addition, a 
technical publication by Ignaz Schiele et al., titled Surface-Micromachined 
5 Electrostatic Microrelay, also describes micromachined electrostatic relays having 
a curled cantilever member. The Schiele cantilever initially extends parallel to the 
underlying substrate as it separates from the fixed end before curling away from the 
substrate. While the cantilever member having a contact comprises a multilayer 
composite, flexible polymer films are not used therein. As such, the Schiele 

1 0 devices do not describe having the cantilever member conform substantially to the 
underlying substrate in response to electrostatic actuation thereof. 

MEMS electrostatic switches and relays are used advantageously in various 
applications because of their extremely small size. Electrostatic forces due to the 
electric field between electrical charges can generate relatively large forces given 

15 the small electrode separations inherent in MEMS devices. However, problems 
may arise when these miniaturized devices are used in high voltage applications. 
Because MEMS devices include structures separated by micron scale dimensions, 
high voltages can create electrical arcing and other related problems. In effect, the 
close proximity of contacts within MEMS relays and switches multiplies the 

20 severity of these high voltage problems. Further, relatively high electrostatic 

voltages are required to switch high voltages. The air gap separation between the 
substrate electrode and moveable cantilever electrode affects the electrostatic 
voltage required to move the cantilever electrode and operate the switch or relay. 
A relatively large air gap is beneficial for minimizing high voltage problems. 

25 However, the larger the air gap, the higher the voltage required to operate the 

electrostatic switch or relay. As such, traditional MEMS electrostatic switch and 
relay devices are not well suited for high voltage switching applications. 

It would be advantageous to switch high voltages using MEMS devices 
operable with relatively low electrostatic voltages. In addition, it would be 

30 advantageous to provide MEMS electrostatic switching devices that overcome at 
least some of the arcing and high voltage operational problems. There is still a 
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need to develop improved MEMS devices for switching high voltages while 
leveraging electrostatic forces. Existing applications for MEMS electrostatic 
devices could be better served. In addition, advantageous new devices and 
applications could be created by leveraging the electrostatic forces in new MEMS 
5 structures. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide MEMS electrostatic 
switches and relays that can switch high voltages while using relatively lower 
electrostatic voltages. 

10 In addition, it is an object of the present invention to provide MEMS 

electrostatic switches and relays actuators that overcome at least some of the arcing 
and other problems related to high voltage. 

Further, it is an object of the present invention to provide improved MEMS 
electrostatic switches and relays. 

15 The present invention provides improved MEMS electrostatic devices that 

can operate as high voltage switches or relays. Further, a method for using a 
MEMS electrostatic device according to the present invention is provided. The 
present invention solves at least some of the problems noted above, while 
satisfying at least some of the listed objectives. 

20 A MEMS device driven by electrostatic forces according to the present 

invention comprises a microelectronic substrate, a substrate electrode, a substrate 
contact, a moveable composite, a composite contact, and an insulator. A 
microelectronic substrate defines a planar surface upon which the MEMS device is 
constructed. The substrate electrode forms a layer on the surface of the 

25 microelectronic substrate. The moveable composite overlies the substrate 

electrode. In cross section, the moveable composite comprises an electrode layer 
and a biasing layer. The moveable composite across its length comprises a fixed 
portion attached to the underlying substrate, and a distal portion moveable with 
respect to the substrate electrode. The composite contact is attached to the 

30 composite. In addition, an insulator electrically isolates and separates the substrate 
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electrode from the electrode layer of the moveable composite. Applying a voltage 
between the substrate electrode and moveable composite electrode creates an 
electrostatic force that attracts the moveable distal portion of the composite to the 
underlying microelectronic substrate. As such, the substrate contact and composite 
5 contact are electrically connected together in response to the application of 
electrostatic force. 

One embodiment of the MEMS electrostatic device according to the present 
invention forms the electrode layer and biasing layer of the moveable composite 
from one or more generally flexible materials. Layers comprising the composite 

10 can be selected such that the moveable composite substantially conforms to the 
surface of the microelectronic substrate when the distal portion of the moveable 
composite is attracted to the microelectronic substrate. In addition, layers 
comprising the composite can be selected such that the distal portion can be 
positionally biased with respect to the microelectronic substrate when no 

15 electrostatic force is applied. Other embodiments define the relative positions of 
the substrate contact and the substrate surface, as well as the characteristics of the 
surface of the substrate contact. One embodiment provides a plurality of substrate 
contacts, which optionally may be interconnected in series or in parallel. The 
position of the insulator relative to the substrate electrode, substrate contact, and 

20 substrate is further defined in one embodiment. One embodiment describes the 
characteristics of the electrode layer and biasing layers comprising the moveable 
composite. 

In a further embodiment, the characteristics of the distal portion of the 
moveable composite are described. One embodiment describes the attributes of, 

25 and positions of, the composite contact relative to the moveable composite. 
Further, in one embodiment, the composite contact comprises a plurality of 
contacts, which optionally may be connected in series or in parallel. An 
embodiment also details the shapes and relative sizes of the substrate electrode and 
composite electrode. Other embodiments further comprise a source of electrical 

30 energy and electrically connected to at least one of the substrate contact and the 
composite contact, or electrically connected to at least one of the substrate 
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electrode and the composite electrode. Optionally, these embodiments may further 
include a diode or a switching device. 

In addition, another embodiment of the present invention provides a method 
of using the electrostatic MEMS devices described above. The method comprises 
5 the step of electrically isolating at least one of the substrate contact or the 

composite contact from its respective associated substrate electrode or composite 
electrode. The method comprises the step of selectively generating an electrostatic 
force between the substrate electrode and the electrode layer of the moveable 
composite, and moving the moveable composite toward the substrate. Lastly, the 
10 method comprises the step of electrically isolating the substrate contact and 

composite contact in a circuit electrically isolated from at least one of the substrate 
electrode or composite electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 
1 5 Figure 1 is a top plan view of an embodiment of the present invention. 

Figure 2 is a cross-sectional view of an embodiment of the present 
invention, taken along the line 2-2 of Figure 1 . 

Figure 3 is a perspective view of an alternate embodiment of the present 
invention having a plurality of electrical contacts. 
20 Figure 4 is a top plan view of an alternate embodiment of the present 

invention. 

Figure 5 is a cross-sectional view of an alternate embodiment of the present 
invention. 

Figure 6 is a cross-sectional view of an alternate embodiment of the 
25 invention. 

Figure 7 is a cross-sectional view of an alternate embodiment of the 
invention. 



DETAILED DESCRIPTION OF THE INVENTION 
30 The present invention now will be described more fully hereinafter with 

reference to the accompanying drawings, in which preferred embodiments of the 
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invention are shown. This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention to those skilled in the 
5 art. Like numbers refer to like elements throughout. 

Referring to Figures 1 and 2, the present invention provides a MEMS 
device driven by electrostatic forces that can switch high voltages while using 
relatively lower electrostatic operating voltages. In a first embodiment, an 
electrostatic MEMS device comprises in layers, a microelectronic substrate 10, a 
10 substrate electrode 20, a substrate insulator 30, and a moveable composite 50. The 
moveable composite is generally planar and overlies the microelectronic substrate 
and substrate electrode. The layers are arranged and shown vertically, while the 
portions are disposed horizontally along the moveable composite. In cross section, 
the moveable composite 50 comprises multiple layers including at least one 
1 5 electrode layer 40 and at least one biasing layer 60. Along its length, the moveable 
composite has a fixed portion 70, a medial portion 80, and a distal portion 100. 
The fixed portion is substantially affixed to the underlying microelectronic 
substrate or intermediate layers. The medial portion and distal portion are released 
from the underlying substrate, and in operation preferably both portions are 
20 moveable with respect to the underlying substrate and substrate electrode. The 
medial portion extends from the fixed portion and is biased or held in position 
without the application of electrostatic force. The distal portion extends from the 
medial portion, and is also biased or held in position without the application of 
electrostatic force. However, in some embodiments, the medial portion may be 
25 held in position whether or not electrostatic force is applied, such that only the 

distal portion is free to move in operation. An air gap 120 is defined between the 
medial portion, distal portion, and the planar surface of the underlying 
microelectronic substrate. By predefining the shape of the air gap, recently 
developed MEMS electrostatic devices can operate with lower and less erratic 
30 operating voltages. For example, United States Application No. 09/320,891, 
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entitled "Electrostatic Actuator with Air Gap", filed May 27, 1999 in the name of 
inventor Goodwin- Johannson, and assigned to MCNC, the assignee of the present 
invention, describing these improved electrostatic devices, is incorporated by 
reference herein. 

5 The electrostatic MEMS device, including the moveable composite and 

underlying substrate layers, is constructed using known integrated circuit materials 
and microengineering techniques. Those skilled in the art will understand that 
different materials, various numbers of layers, and numerous arrangements of 
layers may also be used to form the underlying substrate layers. Although the 

10 MEMS device illustrated in the Figures will be used as an example to describe 
manufacturing details, this discussion applies equally to all MEMS devices 
provided by the present invention unless otherwise noted. Referring to Figures 1 
and 2, a microelectronic substrate 10 defines a planar surface 12 upon which the 
electrostatic MEMS device is constructed. Preferably the microelectronic substrate 

1 5 comprises a silicon wafer, although any suitable substrate material having a planar 
surface can be used. Other semiconductors, glass, plastics, or other suitable 
materials may serve as the substrate. An insulating layer 14 overlies the planar 
surface of the microelectronic substrate and provides electrical isolation. The 
insulating layer preferably comprises a non-oxidation based insulator or polymer, 

20 such as polyimide or nitride. In this case, oxide based insulators cannot be used if 
certain acids are used in processing to remove the release layer. Other insulators, 
even oxide based insulators, may be used if release layer materials and compatible 
acids or etchants are used for removing the release layer. For instance, silicon 
dioxide could be used for the insulating layers if etchants not containing 

25 hydrofluoric acid are used. The insulating layer is preferably formed by depositing 
a suitable material on the planar surface of the microelectronic substrate. A 
substrate electrode 20 is disposed as a generally planar layer affixed to at least a 
portion of the surface of the underlying insulating layer 14. The substrate electrode 
preferably comprises a gold layer deposited on the top surface of the insulating 

30 layer. If the substrate electrode is formed from a layer of gold, optionally a thin 
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layer of chromium may be deposited onto the substrate electrode layer to allow 
better adhesion to the insulating layer and any adjacent materials. Alternatively, 
other metallic or conductive materials may be used so long as they are not eroded 
by release layer processing operations. 

5 Preferably, a second insulating layer 30 is deposited on the substrate 

electrode 20 to electrically isolate the substrate electrode and prevent electrical 
shorting. Further, the second insulating layer provides a dielectric layer of 
predetermined thickness between the substrate electrode 20 and the moveable 
composite, including the moveable electrode 40. The second insulating layer 30 

10 preferably comprises polyimide, although other dielectric insulators or polymers 
tolerant of release layer processing may also be used. The second insulating layer 
30 has a generally planar surface 32. 

A release layer, not shown, is first deposited on the planar surface 32 in the 
area underneath the medial and distal portions of the overlying moveable 

15 composite, occupying the space shown as the air gap 120. The release layer is only 
applied to areas below moveable composite portions not being affixed to the 
underlying planar surface. Preferably, the release layer comprises an oxide or other 
suitable material that may be etched away when acid is applied thereto. After the 
overlying layers have been deposited, the release layer may be removed through 

20 standard microengineering acidic etching techniques, such as a hydrofluoric acid 
etch. When the release layer has been removed, the medial and distal portions of 
moveable composite 50 are separated from the underlying planar surface 32, 
creating the air gap 120 therebetween. The shape of the air gap is determined 
according to the bias provided to the distal portion and/or medial portion of the 

25 moveable composite when no electrostatic force is applied. In one embodiment, 
the air gap decreases and gradually ends where the fixed portion of the moveable 
composite contacts the underlying substrate, as shown in Figure 6. In another 
embodiment, shown in Figure 7, the air gap decreases, has a generally constant 
width, and then ends abruptly where the fixed portion contacts the underlying 
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substrate. The medial portion in this Figure has a generally cantilevered part 
overlying the substrate proximate the fixed portion. 

The layers of the moveable composite 50 generally overlie planar surface 
32. Known integrated circuit manufacturing processes are used to construct the 

5 layers comprising moveable composite 50. At a minimum, two layers comprise the 
moveable composite 50, one layer of moveable electrode 40 and one layer of 
polymer film 60 disposed on either side of the moveable electrode. The layer of 
polymer film preferably comprises the biasing layer used to hold the moveable 
composite in a given position with respect to the underlying planar surface, absent 

10 electrostatic forces. Preferably, at least one of the layers comprising the moveable 
composite is formed from a flexible material, for instance flexible polymers and/or 
flexible conductors may be used. Optionally, a first layer of polymer film can be 
applied overlying at least part of the area defined by the release layer and the 
exposed planar surface 32, so as to insulate the moveable electrode 40 layer from 

15 the underlying substrate. For instance, a layer of polymer film, such as polymer 
film 60 shown as the top layer of the moveable composite 50, can be used as the 
first layer of polymer film. While polyimide is preferred for the polymer film 
layer, many other flexible polymers suitable for release layer fabrication processes 
may be used. 

20 Moveable electrode 40, preferably comprising a layer of flexible conductor 

material, is deposited overlying the planar surface 32. The moveable electrode may 
be deposited directly upon the planar surface or over an optional first layer of 
polymer film, as needed. The moveable electrode 40 preferably comprises gold, 
although other conductors tolerant of release layer processing and flexible, such as 

25 conductive polymer film, may be used. The surface area and/or configuration of 
moveable electrode 40 can be varied as required to create the desired electrostatic 
forces to operate the high voltage MEMS device. Optionally, a second layer of 
polymer film 60 is applied overlying at least part of the moveable electrode layer. 
As before, a flexible polymer such as polyimide is preferred for the second polymer 

30 film layer. If gold is used to form the moveable electrode, a thin layer of chromium 
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may be deposited onto the moveable electrode layer to allow better adhesion of the 
gold layer to the adjacent materials, such as to one or more layers of polymer film. 

The number of layers, thickness of layers, arrangement of layers, and choice 
of materials used in the moveable composite may be selected to bias the moveable 

5 composite as required. In particular, the distal portion and/or the medial portion 
can be biased as they extend from the fixed portion. The biased position of the 
medial and distal portions can be customized individually or collectively to provide 
a desired separation from the underlying planar surface and the substrate electrode. 
The distal and medial portions can be biased to remain parallel to the underlying 

1 0 planar surface. Alternatively, the distal and medial portions can be biased to alter 
the separation from the underlying planar surface by curling toward or curling away 
from the underlying planar surface. Preferably, the distal portion and optionally the 
medial portion are biased to curl away from the underlying substrate and alter the 
separation therefrom. Those skilled in the art will appreciate that more than one 

1 5 polymer film layer may be used, and that the films may be disposed on either side 
or both sides of the moveable electrode. 

At least one of the layers comprising the moveable composite can function 
as a composite biasing layer used to bias or urge the moveable composite to curl as 
required. Preferably, the medial portion 80 and distal portion 100 are biased to curl 

20 away from the underlying surface 32, after the release layer has been removed. 
Providing differential thermal coefficients of expansion between the layers 
comprising the moveable composite can create bias. Assuming an increase in 
temperature, the moveable composite will curl toward the layer having the lower 
thermal coefficient of expansion because the layers accordingly expand at different 

25 rates. As such, the moveable composite having two layers with different thermal 
coefficients of expansion will curl toward the layer having a lower thermal 
coefficient of expansion as the temperature rises. In addition, two polymer film 
layers having different thermal coefficients of expansion can be used in tandem 
with an electrode layer to bias the moveable composite as necessary. 

30 Of course, other techniques may be used to curl the flexible composite. For 

example, different deposition process steps can be used to create intrinsic stresses 
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so as to curl the layers comprising the flexible composite. Further, the flexible 
composite can be curled by creating intrinsic mechanical stresses in the layers 
included therein. In addition, sequential temperature changes can be used to curl 
the flexible composite. For instance, the polymer film can be deposited as a liquid 

5 and then cured by elevated temperatures so that it forms a solid polymer layer. 
Preferably, a polymer having a higher thermal coefficient of expansion than the 
electrode layer can be used. Next, the polymer layer and electrode layer are cooled, 
creating stresses due to differences in the thermal coefficients of expansion. The 
flexible composite curls because the polymer layer shrinks faster than the electrode 

10 layer. 

Further, the relative thickness of the layers comprising the moveable 
composite and the order in which the layers are arranged can be selected to create 
bias. In addition, two or more polymer films of different thickness can be used on 
either side of the electrode layer for biasing purposes. For example, the thickness 

15 of the moveable electrode layer can also be selected to provide bias. As such, the 
medial portion and distal portion can be positionally biased and urged to curl with 
respect to the microelectronic substrate and substrate electrode. In one 
embodiment, the distal portion of the moveable composite curls out of the plane 
defined by the upper surface of the moveable composite when no electrostatic force 

20 is created between the substrate electrode and the composite electrode layer. 

Further, the medial portion, the distal portion, or both, can be biased to curl with 
any selected radius of curvature along the span of the portion, such as a variable or 
constant radius of curvature. 

The MEMS device is adapted to function as an electrostatically operated 

25 high voltage switch or relay. One or more substrate contacts, for example substrate 
contacts 24 and 26 shown in Figures 1 and 2, are attached to the substrate. Each 
substrate contact is preferably formed from a metallization layer, such as gold. 
Alternatively, if gold contacts are used a thin layer of chromium may be deposited 
onto the gold contacts to allow better adhesion of the gold layer to the adjacent 

30 materials. However, other metallic or conductive materials can be used so long as 
they are not eroded by processing used to remove the release layer. Preferably, 

-12- 



WO 01/01434 



PCT/US00/17495 



each substrate contact is electrically isolated and insulated from the substrate 
electrode 20 and any other substrate contacts, such that arcing and other high 
voltage problems are minimized. For instance, insulating gap 25 is provided to 
surround and insulate substrate contact 26 accordingly. In this embodiment, the 

5 insulating gap preferably contains the insulating layer 14, although air or other 
insulators can be used therein. In addition, the substrate electrode preferably 
surrounds at least part of the insulating gap around each substrate contact, such that 
the moveable composite can be electrostatically attracted over and firmly contact 
the entire surface area of the substrate contact. 

10 The characteristics of the substrate contact or contacts can be customized as 

required for a given switch or relay application. The substrate contact can be 
generally flush with, or can protrude up from, the upper planar surface 32 of the 
substrate. As necessary, the substrate contact can have at least one generally 
smooth surface and/or at least one generally rough surface. For example, the 

1 5 substrate contacts are relatively smooth in Figure 6, while the substrate contacts 
have a generally rough, raised surface in Figure 7. For some applications, having 
one of the mating contacts generally smooth and the other generally rough can 
provide a better electrical connection with lower contact resistance, since the 
protrusion of the rough surface tends to better contact the smooth surface. A single 

20 substrate contact may be provided in some switches or relays for selectively 
connecting complimentary contacts disposed on the moveable composite, for 
instance to serve as a shorting bar. Alternatively, a plurality of substrate contacts 
may be provided. See Figure 3 for an example of multiple substrate contacts, such 
as contact 27 for instance. In some cases, it may be advantageous to electrically 

25 connect at least two of the plurality of substrate contacts in series. It may be 
advantageous to connect at least two of the plurality of substrate contacts in 
parallel. In other cases, some of the plurality of substrate contacts may be 
connected in series and some may be connected in parallel, as required. In one 
embodiment, the moveable composite forms a trough as it curls, and at least two of 
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the plurality of substrate contacts are disposed perpendicular to the trough, as 
shown in Figure 1 , or parallel to the trough, as shown in Figure 4. 

One embodiment of the present invention further provides one or more 
contacts within the moveable composite 50, such as composite contact 42 in Figure 

5 2. Each composite contact is preferably disposed within the moveable electrode 40 
layer and attached to the moveable composite. Preferably, one or more composite 
contacts are formed from the moveable composite electrode layer, as shown. 
Insulating gaps, such as 41 and 43, serve to electrically isolate the composite 
contacts from the moveable electrode. While the insulating gaps are preferably 

10 filled with air, many other suitable insulators can be used. Like the moveable 
electrode layer, one or more insulators can be used to insulate and electrically 
isolate the composite contact(s) from the substrate electrode. For instance, an 
insulating layer 30, a layer of polymer film 60, or both can be selectively applied as 
needed to electrically isolate the moveable composite and one or more composite 

1 5 contacts from the underlying substrate electrode 20. Preferably, there is no 

insulation disposed between one or more composite contacts, such as 42, and one 
or more substrate contacts, such as 24 and 26. Accordingly, the MEMS device can 
function as a switch or relay once the substrate and composite contacts are 
selectively connected. Optionally, the composite contact can be adapted to extend 

20 through one or more apertures, such as 64, formed in polymer film layer 60. In this 
case, at least a portion of the composite contact 42 protrudes above the upper 
polymer film layer so as to provide one or more electrical connections, such as 44. 
Metal lines may be deposited to connect to the composite contact through the 
provided electrical connection(s). 

25 In addition, the attributes of the composite contact can be customized as 

required for a given switch or relay application. The composite contact can be 
generally flush with, or can protrude down from, the lower surface of the moveable 
composite. As necessary, the composite contact can have at least one generally 
smooth surface and/or at least one generally rough surface. For example, the 

30 composite contacts are relatively rough in Figure 6, while the composite contacts 
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have a generally smooth surface in Figure 7. As discussed, some applications are 
better served by having one of the mating contacts generally smooth and the other 
generally rough, such that a better electrical connection with lower contact 
resistance is provided. And, single or multiple composite contacts may be 

5 provided in some switches or relays according to the present invention. See Figure 
3 for an example of multiple composite contacts, such as contacts 45 for instance. 
Further, at least one of the plurality of composite contacts can be electrically 
isolated from the composite electrode in one embodiment. In addition, in one 
embodiment the composite electrode surrounds at least part of the insulating gap 

10 around each composite contact, such that the moveable composite can be 

electrostatically attracted over, and firmly contact the entire surface area of the 
substrate contact. 

The relative placement of substrate and composite contact sets within the 
plurality can be varied for different switch or relay applications. As shown in 

15 Figure 1, two or more mating contacts sets can be disposed along the span of the 
moveable composite, such that some contact sets are mated before others. For 
example, substrate contact 24 will mate with the composite contact before substrate 
contact 26 as the moveable composite is attracted to the underlying substrate. 
However, two or more contact sets can be disposed along the width of the 

20 moveable composite, such that two or more contact sets are mated at generally the 
same time. As shown in Figure 4, for instance, substrate contact 24 and substrate 
contact 26 will mate with the composite contact generally in parallel. Further, as 
Figure 3 shows, contact sets within the plurality can be disposed to mate both in 
series and in parallel as the moveable composite is attracted thereto. 

25 Further, the characteristics of the substrate electrode and composite 

electrode may be customized as needed for given switch or relay applications. The 
surface area and shape of the substrate electrode 20 can be varied as required to 
create the desired electrostatic forces. While the substrate electrode can have 
varying degrees of overlap with the moveable composite SO, in one embodiment, 

30 the substrate electrode underlies substantially the entire area of the distal portion 
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100 of the moveable composite. The overlap between the substrate electrode and 
composite electrode can be used to customize the characteristics of the electrostatic 
device. In one embodiment, the surface area of the substrate electrode comprises 
generally the same area as the moveable composite electrode. A further 

5 embodiment provides a substrate electrode having generally the same shape as the 
moveable composite electrode. One embodiment provides a moveable composite 
and the constituent layers having a generally rectangular shape. 

Some embodiments of the MEMS device according to the present invention 
further comprise a source of electrical energy and an optional switching device. 

10 See Figure 5. The source of electrical energy can be any voltage source, current 
source, or electrical storage device, such as a battery, charged capacitor, energized 
inductor, or the like. The switching device can be any electrical switch or other 
semiconductor device used for selectively making and breaking an electrical 
connection. In one embodiment, a source of electrical energy 130 is connected to 

15 the substrate electrode, composite electrode, or both, of the MEMS device. 
Optionally, a switching device 133 may also be connected to the source of 
electrical energy, the substrate electrode, the composite electrode, or combinations 
thereof in the MEMS device. In another embodiment, a source of electrical energy 
135 can be connected to the substrate contact, composite contact, or both, of the 

20 MEMS device. In addition, the source of electrical energy 135 and one or more 
electrical devices, for example Dl and D2 shown as 137 and 138 respectively, are 
electrically connected through at least one substrate contact, at least one composite 
contact, or through both types of contacts. As such, the source of electrical energy 
and devices Dl and D2 can be selectively connected when the substrate contacts) 

25 and composite contact(s) are electrically connected in response to the application of 
electrostatic forces when energy from source 130 is applied to the substrate and 
composite electrodes, attracting them towards each other. Preferably, an electrical 
load is connected to the substrate contacts, and the composite contact is used as a 
shorting bar for interconnecting the electrical load. Those skilled in the art will 

30 understand that sources of electrical energy, switching devices, diodes, and 
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electrical loads can be interconnected in various ways without departing from the 
present invention. 

In operation, when no electrostatic force is applied to the substrate and 
composite electrodes the distal portion and optionally the medial portion of the 

5 moveable composite are biased in the separated position. Preferably, the portion(s) 
are biased to curl naturally away and increase the separation from the underlying 
planar surface. As described, the portion(s) of the moveable composite can also be 
biased in a position parallel to the underlying planar surface of the substrate. In 
addition, the portion(s) can be biased to alter the separation from the underlying 

10 planar surface while extending from the fixed portion. The application of electrical 
charge to the substrate electrode and moveable composite electrode creates an 
electrostatic attraction between them, causing the movable biased portion(s) to 
uncurl and conform to the surface of the underlying planar surface. Once the 
moveable composite is attracted to the underlying surface, the composite contact(s) 

15 and substrate contact(s) are accordingly electrically connected to complete a circuit, 
as shown in Figure 5. Alternatively, the electrostatic force can repel the substrate 
and moveable electrodes, causing the moveable distal portion to curl away from the 
planar surface of the microelectronic substrate. Once electrostatic force is no 
longer applied between the substrate and moveable electrodes, the distal and 

20 medial portions of the moveable composite reassume the separated position due to 
the bias inherent in the flexible composite. As the distal portion curls, the substrate 
contacts) and composite contact(s) are disconnected. The MEMS electrostatic 
switch and relay according to the present invention can switch voltages from 0.1 to 
400 volts, while operating with electrostatic voltages in the range of 30 to 80 volts. 

25 Depending on the amount of electrical current switched and the device geometry, 
other switching voltages and operating voltages can be provided. 

The present invention provides a method of using a MEMS device having a 
microelectronic substrate, a substrate electrode, a substrate contact, and a moveable 
composite. The moveable composite includes an electrode layer and a moveable 

30 composite. The moveable composite is moveable in response to an electrostatic 
force created between the substrate electrode and the electrode layer of the 
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moveable composite. The method for using the MEMS device comprises the step 
of electrically isolating at least one of the substrate contact or the composite 
contact from the substrate electrode or composite electrode respectively. The 
method further comprises the step of selectively generating an electrostatic force 

5 between the substrate electrode and the electrode layer of the moveable composite. 
Further, the method comprises the step of moving the moveable composite toward 
the microelectronic substrate. The method comprises the step of electrically 
connecting the substrate contact and composite contact in a circuit electrically 
isolated from at least one of the substrate electrode or composite electrode. 

10 Optionally, the method comprises the step of electrically disconnecting the 
substrate contact and composite contact. 

Many modifications and other embodiments of the invention will come to 
mind to one skilled in the art to which this invention pertains having the benefit of 
the teachings presented in the foregoing descriptions and the associated drawings. 

15 Therefore, it is to be understood that the invention is not to be limited to the 

specific embodiments disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended claims. Although specific 
terms are employed herein, they are used in a generic and descriptive sense only 
and not for purposes of limiting the scope of the present invention in any way. 
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THAT WHICH IS CLAIMED: 

1 . A MEMS device driven by electrostatic forces, comprising: 
a microelectronic substrate defining a planar surface; 

5 a substrate electrode forming a layer on the surface of said substrate; 

a substrate contact attached to said substrate; 
a moveable composite overlying said substrate electrode and having 
an electrode layer and a biasing layer, said moveable composite having a 
fixed portion attached to the underlying substrate, and a distal portion 
10 movable with respect to said substrate electrode; 

a composite contact attached to said moveable composite; and 
an insulator electrically separating said substrate electrode from said 
moveable electrode, 

whereby said composite contact and said substrate contact are 
15 electrically connected when said moveable composite distal portion is 

attracted to said substrate. 

2. A MEMS device according to Claim 1 , wherein said distal portion 
of said moveable composite is positionally biased with respect to said 

20 microelectronic substrate. 

3. A MEMS device according to Claim 1 wherein said moveable 
composite substantially conforms to the surface of said microelectronic 
substrate when said moveable composite distal portion is attracted to said 

25 substrate. 

4. A MEMS device according to Claim 1 wherein the electrode layer 
and the biasing layer of said moveable composite are formed from one or 
more generally flexible materials. 

30 
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5. A MEMS device according to Claim 1 wherein said substrate 
contact is generally flush with the upper surface of said substrate. 

6. A MEMS device according to Claim 1 wherein said substrate 
5 contact protrudes from the upper surface of said substrate. 

7. A MEMS device according to Claim 1 wherein said substrate 
contact has at least one generally smooth surface. 

10 8. A MEMS device according to Claim 1 wherein said substrate 

contact has at least one generally rough surface. 

9. A MEMS device according to Claim 1 wherein said substrate 
contact comprises a plurality of contacts. 

15 

1 0. A MEMS device according to Claim 9 wherein at least two of said 
plurality of contacts are connected in series. 

11. A MEMS device according to Claim 9 wherein at least two of said 
20 plurality of contacts are connected in parallel. 

12. A MEMS device according to Claim 9 wherein said moveable 
composite forms a trough, and wherein at least two of said plurality of 
contacts are disposed perpendicular to the trough. 

25 

13. A MEMS device according to Claim 1 wherein said substrate 
contact is electrically isolated from said substrate electrode. 

14. A MEMS device according to Claim 1, wherein said substrate 
electrode underlies substantially the entire area of the distal portion of said 

30 moveable composite. 
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15. A MEMS device according to Claim 1 , wherein said insulator is 
attached to and overlies said substrate electrode. 

16. A MEMS device according to Claim 1, further comprising an 
insulator between said substrate contact and said substrate electrode. 

5 1 7. A MEMS device according to Claim 1, wherein said composite 

biasing layer comprises at least one polymer film. 

18. A MEMS device according to Claim 1 , wherein said composite 
biasing layer comprises polymer films on opposite sides of said composite 
electrode layer. 

10 19. A MEMS device according to Claim 1 wherein said composite 

biasing layer and electrode layer have different thermal coefficients of 
expansion, urging said moveable composite to curl. 

20. A MEMS device according to Claim 1 wherein said composite 
biasing layer comprises at least two polymer films of different thicknesses, 

1 5 urging said moveable composite to curl. 

21 . A MEMS device according to Claim 1 wherein said composite 
biasing layer comprises at least two polymer films of different coefficients 
of expansion, urging said moveable composite to curl. 

22. A MEMS device according to Claim 1, wherein the distal portion of 
20 said moveable composite curls out of the plane defined by the upper surface 

of said moveable composite when no electrostatic force is created between 
said composite electrode and said moveable electrode. 

23. A MEMS device according to Claim 22 wherein said moveable 
composite has different radii of curvature at different locations along the 

25 distal portion. 
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24. A MEMS device according to Claim 1 , wherein said composite 
contact is electrically isolated from said composite electrode. 

25. A MEMS device according to Claim 1 , wherein said composite 
contact is generally flush with the lower surface of said moveable 

5 composite. 

26. A MEMS device according to Claim 1 , wherein said composite 
contact protrudes from the lower surface of said moveable composite. 

27. A MEMS device according to Claim 1 wherein said composite 
contact has at least one generally smooth surface. 

10 28. A MEMS device according to Claim 1 wherein said composite 

contact has at least one generally rough surface. 

29. A MEMS device according to Claim 1, wherein said composite 
contact comprises a plurality of contacts. 

30. A MEMS device according to Claim 29 wherein at least two of said 
1 5 plurality of contacts are connected in series. 

31. A MEMS device according to Claim 29 wherein at least two of said 
plurality of contacts are connected in parallel. 

32. A MEMS device according to Claim 29, wherein at least one of said 
composite contacts is electrically isolated from said composite electrode. 

20 33 . A MEMS device according to Claim 1 , wherein the surface area of 

said substrate electrode comprises generally the same surface area as said 
moveable electrode. 

34. A MEMS device according to Claim 1 , wherein said substrate 
electrode generally encompasses said substrate contact. 
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35. A MEMS device according to Claim 1, wherein said composite 
electrode layer generally encompasses said composite contact. 

36. A MEMS device according to Claim 1, wherein the shape of said 
substrate electrode is generally the same as the shape of said moveable 

5 electrode. 

37. A MEMS device according to Claim 1, wherein said moveable 
composite has a generally rectangular shape. 

38. A MEMS device according to Claim 1 , further comprising a source 
of electrical energy electrically connected to at least one of said substrate 

1 0 contact and said composite contact. 

39. A MEMS device according to Claim 38, further comprising at least 
one device electrically connected to at least one of said substrate contact 
and said composite contact. 

40. A MEMS device according to Claim 1 , further comprising a source 
1 5 of electrical energy electrically connected to at least one of said substrate 

electrode and said composite electrode. 

41 . A MEMS device according to Claim 40, further comprising a 
switching device electrically connected to at least one of said substrate 
electrode and said composite electrode. 

20 42. A method of using a MEMS device having a microelectronic 

substrate having a substrate electrode and a substrate contact, and a 
moveable composite having an electrode layer and a composite contact, 
said moveable composite movable in response to an electrostatic force 
created between the substrate electrode and the electrode layer, the method 

25 comprising the steps of: 
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electrically isolating at least one of the substrate contact or the 
composite contact from its respective associated substrate electrode or 
composite electrode, 

selectively generating an electrostatic force between the substrate 
electrode and the electrode layer of said moveable composite; 

moving said moveable composite toward the substrate; and 

electrically connecting the substrate contact and composite contact 
in a circuit electrically isolated from at least one of the substrate electrode 
or composite electrode. 
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